Understanding the causes of rarity has become increasingly important for the conservation and management of plant species. In this study, we compared spatial distribution, habitat characteristics, and population size and structure of two closely related species of poppy occurring in the Himalaya, the rare and endemic Meconopsis napaulensis and the widespread common congener M. paniculata in order to explain the causes of rarity of the 
Introduction
Rarity is a concept that has been explained in terms of abundance, evolutionary history, spatial distribution, and genetic structure of a taxon (for review see Fiedler and Ahouse 1992) . Moreover, anthropogenic impacts, such as habitat alteration and over exploitation can lead to or enhance rarity.
Several criteria have been used to describe patterns of rarity in plant or animal species (Rabinowitz 1981; Rabinowitz et al. 1986; Yu and Dobson 2000; Manne and Pimm 2001) . Rabinowitz et al. (1986) , for example, identified seven forms of rarity in the flora of British Isles, based on the dichotomous differences in geographic range (narrow-wide), habitat specificity (wide-narrow) and population size (large-small).
More recent works also proposed degree of disjunction, and taxon persistence (short-long) as other criteria for the classi-fication of rarity and commonness (Fiedler and Ahouse 1992; Kean and Barlow 2004) .
It is predicted that rare species are poor competitors and are generally less abundant, have high habitat specificity and contain small incompatible populations (Cowling 2001) . Rare species with their small populations often face greater risks of extinction caused by demographic, genetic and environmental stochastic forces (Shaffer 1981; Gilpin and Soulé 1986) . Rarity is thus prescribed as a predictor of vulnerability and a precursor to extinction (Fiedler 1986 ).
Understanding the underlying causes of rarity has become increasingly important for the conservation and management of rare and endemic species. Despite the recognized importance of understanding rarity, the important ecological traits responsible for species rarity are poorly understood for Himalayan plants.
The Himalayan region is known as a hotspot for plant diversity and endemism (Behera et al. 2002) . Sporadic researches carried out from the Himalaya revealed that the percentage of endemic species range 16-46% in most of the plant groups studied (Dhar 2002; Yoshida 2006) . Majority of the endemic species have narrow range of distribution and are considered as rare (Shrestha and Joshi 1996; Dhar 2002; Ghimire 2005; Yosida 2006 ). The harsh habitat conditions and increased isolation reinforce the rare and endemic species in high altitude habitats of the Himalaya to become highly restricted in distribution.
In this study, we compared spatial distribution, habitat requirements and amplitude, and population size and structure of two closely related species of Himalayan poppy, a rare and endemic Meconopsis napaulensis DC., and a widespread LNP is considered as one of the biodiversity hotspot areas in Nepal. Vegetation within LNP ranges from subtropical and temperate broadleaved and coniferous forests, alpine meadows and scrubs to the nivale zone of dry, scree vegetation.
LNP is particularly known to harbor high diversity of rare and endemic taxa of flowering plants. A total of 47 species of national endemic taxa of flowering plants have been recorded within LNP and adjoining areas, out of which 38.3% (18 species) are endemic to this region (Ghimire et al. 2008b) .
Despite the presence of unique flora and vegetation, LNP is experiencing habitat degradation due to high level of anthropogenic impact. The alpine pastures are used for rotational grazing of livestock and harvesting of different resources (Malla et al. 1976; Myint et al. 2000) . Herders migrate with their livestock to alpine pasture in spring and stay in shelters (goth), built near pastures mostly located along the trail, and return to their respective village in autumn.
The preferred livestock are sheep, horse, yak and chauri (crossbreed between yak and hill cow). The main livestock products are meat, wool, milk and churpi (dried cheese).
LNP and its bufferzone, inhabited by diverse ethnic groups, are also rich culturally. Many sacred lakes (including the largest one, known as 'Gosainkunda') are found in Gosaikunda sector of LNP, which are religiously significant for both Hindus and Buddhists. Every year, about 25-30 thousand pilgrims, both from Nepal and India, visit Gosaikunda area to worship lord Shiva (LNP/BZMC 2007).
SELECTION OF STUDY POPULATIONS
The whole of the study area with the distribution of populations of selected species was mapped by taking information from the local people and direct field observation.
Local people (n = 15) were interviewed by using semistructured questionnaires. Similarly, secondary data was obtained from published flora (Malla et al. 1976 ) and herbarium specimens housed at TUCH and KATH. Based on the information obtained from field survey, literatures and study of herbarium specimens, a total 13 sites (6 for M. napaulensis and 7 for M. paniculata) each representing distinct population were identified in LNP (Table 1) . Out of which, 10 populations, including all 6 populations of M. napaulensis and 4 populations of M. paniculata were sampled (Table 1) .
In each population, individuals of both species occurred in distinct patches, and each such patch was assigned as subpopulation. In total, 26 subpopulations (15 for M. napaulensis and 11 for M. paniculata) were sampled ( Table   1 ). Populations of either of the species were separated from each other due to geographical barrier (such as rocky hill, river), human settlement or they were far apart (mean distance = 1.8 km and 0.9 km, respectively for M. napaulensis and M. paniculata). In Kyashir Kharka and Brana-Chopche sites (Table 1) , the two species were close to each other, but they did not share the same locality as their populations were separated by river. In each subpopulation, sampling plots of 100 m 2 (10 m  10 m size) were subjectively placed in the area where the density of plant was high (Burne et al. 2003) Therefore, subsequent monitoring of these plots was not done.
HABITAT VARIABLES
The habitat parameters studied in each plot included vegetation composition, and soil and topographical features.
To obtain vegetation data, we divided the 100 m 2 plots in to Coefficient of variation (CV) was calculated, as the ratio of the standard deviation to the mean, for all habitat variables to detect the extent of variability within the selected species (Sokal and Rohlf 1995) .
All the variables related to human harvesting, livestock and natural disturbances were separately combined by using 
Results

DISTRIBUTION AND HABITAT DIFFERENTIATION
The two species existed in different localities even in the nearest sites. Three populations of M. paniculata and two of M. napaulensis occupied subalpine-alpine ecotone (3700-3900 m) with similar climatic and physiographical conditions, although the two species did not co-occur at the same locality.
The closest populations of the two species from subalpinealpine ecotone were located almost at a distance of 0.8 km.
The rare species (M. napaulensis) was mostly confined to fairly high altitude (>4000-4500 m, 4 populations), whereas, only one population of M. paniculata was recorded above 4000 m (Table 1 ). The habitats of the two species differed significantly for 13 out of 18 variables studied ( Percentage vegetation cover and cover of rock and bare soil significantly differed between the sites where these two species were studied (Table 2) . Cover values of all functional groups (non-vascular, dicotyledonous herbs, monocotyledons herbs and grasses, and shrubs) were significantly higher in M.
paniculata growing sites; whereas values of rock and bare ground cover were significantly higher in M. napaulensis growing sites (Table 2 ). Low vegetation cover in the M.
napaulensis growing sites indicates decreased inter-specific competition with surrounding vegetation.
The heat load index was very high for sites where M.
napaulensis occurred, as this species was highly specific to more inclined landscape with exposed rocky slopes receiving more solar radiation as compared to M. paniculata, which occurred in variable habitats ( Density of both species did not vary much among studied populations (data not shown). For both species, the proportion of different life stages did not differ significantly among studied populations. In the case of M. napaulensis, temporal variation in population structure was also not found. Population structure of M.
paniculata, on the other hand, was significantly different between two study years; while proportion of juvenile rosettes was decreased (Z = 2.584, p<0.001), the proportion of small rosettes increased significantly (Z = 1.423, p = 0.0347), but
proportions of other life stages did not change much. Habitat specialization is considered as an important determinant of range limits (MacArthur 1972) and widely cited as a potential cause of species rarity (Kruckeberg and Rabinowitz 1985; Hodgson 1986; Debussche and Thompson 2003) . (Ghimire et al. 2006) . The abundance of plants in alpine habitat may show positive correlation, to a certain extent, with low grazing activities (Ghimire et al. 2006) , but combination of grazing and harvesting have strong negative effect on highly rare species, such as M. napaulensis (see below).
POPULATION SIZE AND STRUCTURE
Present study showed larger population size and greater abundance of geographically widespread common species (M.
paniculata) compared to geographically restricted rare species (M. napaulensis). Lower abundance and small population size are common features of many rare species (Witkowski et al. 1997; Burne et al. 2003) . Previous studies (e.g., Byers and Meagher 1997; Burne et al. 2003; Dickinson et al. 2007 ) have demonstrated the difference in abundance of rare species and their widespread congeners to be related to the difference in the ability of viable seed production, and their dispersal, recruitment and competitive abilities, among others. Although dispersal abilities were not compared in the present study, preliminary observations suggest that both species had equal opportunities for seed dispersal by wind or water, as they produced very light seeds, the size of which did not vary much between the species (Ghimire and Poudeyal in prep.).
However, the strong mountain barriers and increased isolation of Meconopsis spp., and such dormancy is broken down naturally by winter stratification (Sulaiman 1993; Dar et al. 2009 ).
In addition, seeds of Meconopsis spp. are short-lived (about a year, Ghimire and Poudeyal in prep.) , thus all buried seeds loose viability within a year when suitable environmental conditions are not met. Thus very low seedling recruitment in the case of M. napaulensis may be due to factors limiting viable seed production and safe site availability.
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Many studies have demonstrated positive associations between geographic range size and abundance for closely related species across many taxa; widespread species are reported to exhibit high local abundance, but narrowly distributed species are more sparse (Brown 1984; Gaston and Lawton 1990 ). However, rare species studied by others also showed higher local abundance than their widespread congeners (Simon and Hay 2003; Lesica et al. 2006 ). Murray and Lepschi (2004) found that most of the locally rare plant species (91% of 57) of open forest occurred in higher abundance at other sites within their geographical range (somewhere-abundant species), while the remaining small percentage of locally rare species were consistently rare (everywheresparse species). Thus, as compared to geographically widespread congener (M. paniculata), the rare M. napaulensis can be classified, based on Rabinowitz (1981) criteria, as having narrow range, and being habitat-specific and locally sparse.
In conclusion, the rarity of M. napaulensis is strongly related to a combination of ecological and geographical constraints, which prevent reproduction, dispersal, colonization and establishment. The major ecological constraints are related to narrow habitat amplitude and smaller population size. The harsh habitat conditions, limited safe site availability for seedling establishment and poor competitive ability might have lead M. napaulensis to become highly restricted in distribution. The geographical constraints are related to small range size and extreme isolation of its populations. The small range size of rare endemic species could also be linked to their age (Lesica et al. 2006; Dickinson et al. 2007) . It can be expected that such species has not yet been able to spread to their full potential as they have speciated more recently than their widespread congeners.
IMPLICATIONS FOR CONSERVATION AND MANAGEMENT
The present study provided information on key similarities and differences in habitat conditions between two closely related species of Meconopsis that differ in abundance. Although this study could not represent accurately long-term pattern in the recruitment and change in population size but it serves as the first step towards understanding the factors likely limiting the rare species. Basically, the data pertaining to geographical distribution and habitat conditions can be valuable for locating populations of both species and identifying optimal ecological conditions for management. Similarly, population size and structure of both species can be valuable as tool for quick assessment of the viability of plant populations and formulate short-term strategy for management. However, detail demographic study of M. napaulensis is needed in the future to predict the long-term viability of its populations.
The 
